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ABSTRACT

FACTORS AFFECTING ORTHODONTIC TREATMENT
OUTCOMES IN SOUTHERN WEST VIRGINIA
Tyler Crowe, D.D.S.
Background and Objectives: It is well known that a multitude of factors have an influence in the field of
orthodontics from both the provider and the patient perspective. Patient compliance and oral hygiene both
play a pivotal role in keeping an orthodontic treatment plan on track to become a successful treatment
outcome. One question that is not completely understood, however, is how does each of these factors
specifically affect the treatment outcome? Furthermore, patients come from different backgrounds and
socioeconomic situations. Access to care and appointment keeping behavior are thought to vary between
private pay, insurance subsidy, and Medicaid/CHIP patients. Therefore, it is imperative to look at these
factors and identify to what extent, if any, they affect the overall success of the treatment outcome.
Experimental Design and Methods: A sample of 91 patients aged 8-20 from the private practice of Dr.
Daniel Foley was used for this study. IRB-approval was obtained. Pre- and post-treatment photographs
were taken according to the record specifications set by the American Board of Orthodontists (ABO). Pretreatment records were scored using the ABO Discrepancy Index form. A retrospective chart analysis was
completed to obtain payment type, distance traveled, oral hygiene, broken appointments, and treatment
length. Post-treatment scans were taken using an iTero Element intraoral scanner and subsequent models
were printed by an orthodontic lab. Post-treatment models were graded using the ABO Model Grading
System to determine the success of the treatment outcome. The data was examined using a combination of
one-way ANOVA, Chi-square, Wilcoxon Rank Sum, Kruskal Wallis, and logistic regression tests.
Results: There is no significant difference between any payment type and treatment outcome, however,
private pay patients showed a significantly higher average oral hygiene scores than Medicaid/CHIP
patients (p<0.05). Private pay patients traveled a significantly longer distance to obtain orthodontic
treatment than Medicaid/CHIP patients (p<0.05). The actual length of active orthodontic treatment for
Medicaid/CHIP was significantly longer than either private pay or insurance patients (p<0.05).
Conversely, no significant difference was found in the appointment keeping behavior between payment
types.
Conclusions: There is no difference in the ability of private pay, insurance, or Medicaid/CHIP patients to
attain a successful treatment outcome, nor is there a difference in their appointment keeping behavior. On
average, private pay patients have significantly better oral hygiene and travel a significantly longer
distance for orthodontic treatment than Medicaid/CHIP patients. Medicaid/CHIP patients are in active
orthodontic treatment significantly longer than private pay and insurance patients. More research needs to
be conducted to determine the specific impact of oral hygiene on the ability to obtain a successful
treatment outcome. Also, it would be beneficial to replicate this study on a larger sample size to eliminate
any limitations due to a small number of subjects.
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CHAPTER 1: INTRODUCTION
BACKGROUND & SIGNIFICANCE
One out of every three children in the United States is covered by Medicaid and CHIP, with over
35 million children covered as of June 2016.1 Within this population are children who meet the
eligibility standard and qualify for Medicaid-covered orthodontic treatment.1 However, there is
apprehension among providers to accept Medicaid patients within their practices and a
resultantly low number of orthodontic practices providing care to Medicaid patients.2 A study
from the University of North Carolina found that perceptions of Medicaid patients seem to have
a negative effect on provider participation.3 This reluctance stems from the perception that
Medicaid patients are non-compliant with treatment instructions, oral hygiene, and have frequent
broken appointments, among other reasons.3 Research has been conducted to analyze the validity
of these claims. One study looked at the appointment keeping behavior of Medicaid vs. nonMedicaid orthodontic patients and determined there to be a significant difference in the number
of failed appointments between the two groups.4 The Medicaid patients had a failure rate of
15.4%, whereas the non-Medicaid patients failed 8.3% of appointments.4
An ongoing battle in the field of orthodontics is patient motivation and adherence to treatment
instructions. Patient compliance is a very important factor in the overall orthodontic treatment
outcome.5 Studies have found that non-compliance in oral hygiene and broken appointments
result in the occurrence of hyperplastic gingivitis, progression towards carious lesions, and
periodontal problems.6-8 If a patient properly administers basic practices of oral hygiene, such as
brushing and flossing during treatment, plaque accumulation and periodontal disease will not be
induced.9
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In general, the experienced orthodontist can provide an estimated length of treatment to the
patient prior to the induction of treatment. Fink and Smith evaluated variables for connections to
treatment length and found a significant association between treatment time and number of
broken appointments.10 Some other variables that can significantly increase the amount of time a
patient is in treatment include poor oral hygiene, bracket breakages, and poor elastic wear.11
Missing orthodontic appointments and varying degrees of noncompliance decrease the likelihood
that treatment will be successfully completed. Several studies have analyzed noncompliance in
both oral hygiene and appointment keeping behaviors of Medicaid and non-Medicaid patients.
However, there is a lack of evidence showing that these factors have a detrimental effect on the
orthodontic treatment outcome. A study of this magnitude could affect the perception of
Medicaid patients within the orthodontic community and change the access to care for these
individuals.
PURPOSE OF THE STUDY
1. To determine what factors have an effect on the overall success of an orthodontic
treatment outcome, and the degree to which each has an effect.
2. To improve our understanding of how compliance in various areas of treatment
can affect the ability to obtain a successful treatment outcome and what
practitioners can implement in their practices to produce successful treatment
outcomes.
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NULL HYPOTHESES
1. There is no significant difference in successful treatment outcome among various
payment types.
2. There is no significant difference in oral hygiene ratings among various payment
types.
3. There is no significant relation between oral hygiene ratings and successful
treatment outcome.
4. There is no significant difference in one-way distance travelled among various
payment types.
5. There is no significant relation between oral hygiene ratings and actual length of
orthodontic treatment.
6. There is no significant difference in actual treatment length between various
payment types.
7. There is no significant difference in broken appointments between various
payment types.
ASSUMPTIONS
1. The digital model scans are of sufficient quality with no patient movement or
operator error contributing to the introduction of artifacts.
2. The operator in this study has a working knowledge of computer technology and
grading systems
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3. Landmarks can be accurately identified according to the ABO Discrepancy Index
form and Grading System.
4. Pre-treatment scans on subjects were taken prior to initiation of any type of
orthodontic or orthopedic treatment.
LIMITATIONS
1. There will be gender, weight, ethnicity, medical history, and socioeconomic status
differences among the subjects.
2. Scans may contain artifacts depending on patient movement, operator error, and
machine calibration.
3. The study is limited to the subjects in the database of pre- and post-treatment
scans in the private practice of the study consultant.
4. The number of patients will be limited to those that have an ABO Discrepancy
Index form completed.
5. Oral hygiene grading is completed by multiple assistants.
DELIMITATIONS
1. Ages of the patients comprising the sample will be adolescent and young adults,
under the age of 21.
2. All assistants collecting oral hygiene data will have complete a form, which
assesses their reliability.
3. One researcher will make all measurements on pre-treatment photos and posttreatment models. This researcher will have reliability in grading assessed by one
board certified orthodontist.
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CHAPTER 2: REVIEW OF THE LITERATURE
WEST VIRGINIA MEDICAID
Medicaid is defined as “an entitlement program financed by state and federal governments and is
administered by the state.” In West Virginia, this program is administered by the Bureau for
Medical Services within Department of Health and Human Resources.12 According to the Kaiser
Family Foundation, Medicaid and the Children’s Health Insurance Program (CHIP) provide
health and long-term care coverage to 29% of people in West Virginia.13 There was an increase
of 218,634 people covered by Medicaid/CHIP from fall of 2013 to June 2016.14 As of June 2016,
573,178 people were covered by Medicaid in West Virginia. There was a 56% reduction in the
uninsured rate as a result of the Medicaid expansion from 2013 to 2015.14
Title XIX of the Social Security Act of 1965 was signed by President Lyndon Johnson in an
effort to provide medical care coverage to those in need. Listed within this Act were services
that could be covered, including orthodontics.15 A conference was held prior to the American
Association of Orthodontists (AAO) annual session in April 1966 with the goal of defining the
criteria that recognizes a handicapping occlusion. A malocclusion must have “a definite
handicap to the health and function of the dentition” and “deleterious effect on facial esthetics”
to be accepted and paid for by public funds.15 In 1985, the decision to use an index or
classification system to define orthodontic treatment need by the AAO was withdrawn.16 The
AAO currently defines medically necessary orthodontic care as “the treatment of a malocclusion
(including craniofacial abnormalities/anomalies) that compromises the patient’s physical,
emotional, or dental health.”17
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The Bureau for Medical Services Provider Manual explains that orthodontic services are covered
in the case of medical necessity for children up to 21 years of age.18 This approval requires prior
authorization on the basis of a treatment plan of care including findings, diagnosis, prognosis,
length of treatment, phases of treatment, and specific codes requested, as well as radiographic
and photographic information. One comprehensive orthodontic treatment is covered per covered
entity in their lifetime, with the exception of a case involving orthognathic surgery. Treatments
involving orthognathic surgery will be covered even if that patient exceeds the 21 years of age
restriction and it was previously noted in the original treatment plan.18, 19 In order for
comprehensive treatment to be approved in West Virginia at least one of the following criteria
must be met: overjet in excess of 7mm, severe malocclusion associated with dento-facial
deformity, true anterior open bite, full cusp classification from normal (Class II or Class III),
palatal impingement of lower incisors into the palatal tissue causing tissue trauma, cleft palate,
congenital or developmental disorders, anterior crossbite (2 or more teeth and in cases where
gingival stripping from the crossbite is demonstrated and not correctable by limited orthodontic
treatment), unilateral posterior crossbite with deviation or bilateral posterior crossbite involving
multiple teeth including at least one molar, true posterior open bite (not involving partially
erupted teeth or one or two teeth slightly out of occlusion and not correctable by habit therapy),
impacted teeth (excluding third molars) including cuspids and laterals only.19
The federal government has established guidelines for services that states can include in their
Medicaid health plans which allow for customization on a state-by-state basis. Therefore, each
state’s allocation of resources can be similar, but different.15 In West Virginia, no index rating
classification or coding system is used to determine case complexity, unlike other states that may
use the Salzmann index, handicapping labiolingual deviation (HLD) index, or other classification
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system. A trend is apparent in states that utilize an index system with receiving a higher
reimbursement rate than those states that do not. West Virginia has one of the lowest fee
reimbursement rates with an average reimbursement of $2630.20
ACCESS TO CARE
Access to care for children in low socioeconomic groups is a challenge due to a lack of
participation by providers.2 Low reimbursement rates have been reported by providers as a
major factor in choosing to not participate with Medicaid.2 This, along with factors such as
excessive paperwork, broken appointments, and non-compliance has resulted in poor provider
participation.3, 21 Additionally, providers who choose to participate with Medicaid may have to
increase their staff to meet the demands of paperwork and record submission, which results in an
increase in overhead.22 Some providers have excluded participation with Medicaid because the
reimbursement did not come close to meeting the usual and customary fees, and the cost of
providing these services have increased.23 Over the span of time from 2006 to 2015,
reimbursement rates for orthodontic services generally decreased by a range of 115-283%.22 As
a result of these negatively-perceived changes, a disproportion exists in the access to orthodontic
care for private versus publically insured youth in the United States.24
In some states, the poor distribution of providers is emphasized by the fact that only a few
orthodontists provide over 80% of the orthodontic treatment to patients covered by Medicaid.25
Research indicates that there are no obvious demographic or practice pattern differences between
providers who accept Medicaid and providers who do not accept Medicaid.3 Regardless, there
are geographic barriers which limit access to specialty care such as orthodontics, and as a result,
many patients are required to travel long distances to be treated.22 These barriers to care prevent
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patients that fall into a low socioeconomic status from receiving orthodontic treatment and
experiencing the psychosocial and oral health advantages from improved appearance and oral
function.26 Conversely, data collected in Tennessee revealed that driving distances were
significantly longer for private pay patients as they are more willing to travel to receive treatment
at a reduced cost.27 Medicaid patients tend to seek treatment by the closest provider; and if one
is not available, they will forego treatment, leading to a disparity.28
PATIENT COMPLIANCE
One conversation that is conducted prior to the initiation of orthodontic treatment is the
expectation to follow the recommended regimens suggested by the orthodontist.29 Compliance
in orthodontics entails taking steps necessary to prevent broken fixed appliances, consistently
wearing removable appliances, and maintaining proper oral hygiene throughout treatment.11
Non-compliance in orthodontics can result in many complications including destruction of the
teeth and periodontium, a longer treatment time, unnecessary changes to the proposed treatment
plan, and frustration for the patient and/or parents.6 Specifically, compliance in regards to
maintaining oral hygiene is particularly important as the lack thereof can result in increased
plaque retention, decalcification, dental caries, gingivitis, and even periodontitis.7
There is conflicting evidence concerning the predictability of the level of compliance for each
patient. Data has suggested that patients who are cooperative at the beginning of treatment
continue to be cooperative throughout.30 However, it has been shown that patient compliance
tends to decrease as treatment progresses, regardless of the level of compliance demonstrated
early on in treatment.31, 32 A study conducted to illustrate what personality variables have an
effect on compliance and a patient’s ability to adapt found there is a strong correlation between a

8

patient’s attitude and the ability to accommodate to orthodontic discomfort with the resulting
overall compliance during treatment.33
Studies have been completed to evaluate compliance by state-subsidized (or Medicaid) and selfpay orthodontic patients. Existing data on this subject cite Medicaid patients having poorer
compliance than orthodontic patients whose treatment was not publically funded.34 One study
suggests that there is a noteworthy compliance issue within the Medicaid population resulting in
a considerable decrease of patients completing treatment due to lack of cooperation.27 Within this
study, approximately 35% of patients discontinued treatment due to poor oral hygiene. The
completion rate of self-pay patients was 86.2%, compared to a 43.8% completion rate of
Medicaid/CHIP patients.35 However, these findings differ from other orthodontic literature that
reported no difference in orthodontic treatment and compliance between Medicaid and self-pay
patients.36
ORAL HYGIENE
As previously stated, compliance in regards to oral hygiene is of particular importance as the
lack thereof can have detrimental effects on the health of the oral cavity.7 Decalcification of the
enamel surface is caused by ineffective oral hygiene and retention of bacterial plaque for an
extended period of time.37 Calcium and phosphate are the mineral elements that are broken
down upon decalcification.9 When this occurs, the mineral content of the enamel is decreased
and the early stages of a carious lesion are initiated.9 The process leading up to the initiation of a
carious lesion can be reversed, however, with proper oral hygiene. Effective brushing with a
manual or electric toothbrush is the best way to remove plaque on a daily basis and therefore
prevent demineralization of the enamel surface.38
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Patient cooperation with regards to oral hygiene has been cited as one factor that accounts for
wide variations between expected and actual treatment times.39 One study determined poor oral
hygiene, as well as pool elastic wear and bracket breakages, to significantly increase treatment
duration.40 Likewise, evidence has been shown that the rate of orthodontic tooth movement is
decreased when gingival inflammation is present.39 Poor oral hygiene has a direct relationship
with treatment duration as some data indicates each oral hygiene entry into a patient’s chart that
is less than “good” is associated with an additional two thirds of a month in treatment time.41
APPOINTMENT KEEPING BEHAVIOR
The skilled orthodontist is able to make an accurate prediction of the number of treatment visits
based on the severity of the malocclusion; however, it is the responsibility of both the provider
and the patient to ensure this timeline is upheld. Success within an orthodontic practice is
directly related to the accurate prediction of treatment duration as patients who complete
treatment within the estimated time frame may be more satisfied.42 Various patient compliance
factors have been identified as potentially having an influence on the length of orthodontic
treatment including missed appointments, the sum of replaced brackets and bands, and oral
hygiene.39 An extensive study was conducted to analyze the impact of certain factors on
treatment duration and concluded a statistically significant association between number of
broken appointments and length of treatment.10 These findings concur with an investigation that
discovered the primary causes for extended treatment times in a private practice to be poor
patient cooperation, broken appointments, and appliance breakage.42
It can be inferred that attendance has an effect on treatment success by observing the
appointment failure rate of patients who completed orthodontic treatment versus those whose
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braces were removed early due to lack of compliance in appointment keeping behavior.43
Patients who successfully completed their orthodontic treatment exhibited an appointment failure
rate of 10.3% and patients who discontinued treatment showed a failure rate of 21.4%.43 Other
studies have found the broken orthodontic appointment rates to range from 13.6% to 23.3%.44, 45
A dental facility within a children’s hospital compared the appointment keeping behavior of
Medicaid and private pay patients found that 73% of Medicaid patients were likely to miss
appointments compared with 30% of private pay patients.46 A study conducted within both
general dentistry and orthodontic private practices revealed the Medicaid patients had poorer
appointment keeping behavior than private pay patients.47 While limited information is currently
available on the significance of pay status and how it relates specifically to orthodontic
appointment keeping behavior, the findings of one study support that Medicaid patients have a
higher rate of broken appointments than non-Medicaid patients.48 Research conducted from data
within electronic charts of active orthodontic patients in a university setting found a statistically
significant difference in the number of appointment failures between Medicaid and nonMedicaid groups. Medicaid patients had a significantly higher failure rate (15.4%) than did nonMedicaid patients (8.3%).4
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CHAPTER 3: RESEARCH DESIGN AND METHODOLOGY
METHODOLOGY
IRB APPROVAL
IRB exemption was obtained from West Virginia University Institutional Review Board prior to
the start of this study (see Appendix A).
DATA COLLECTION
A sample of 107 orthodontic patients from the private practice of Dr. Daniel Foley in Beckley,
West Virginia was collected for this study. These patients were evaluated according to the
inclusion criteria and 91 patients met all the necessary standards to be included in the study. Pretreatment and post-treatment photographs were taken on each patient according to the
photographic record specifications set by the American Board of Orthodontics. Post-treatment
scans were taken using an iTero Element intraoral scanner. This scan was utilized to have 3D
printed models fabricated of each patient’s upper and lower arches. The subjects ranged in age
from 8 to 20 years. All pre- and post- treatment records were de-identified before analysis and
assigned a subject number from 01 to 91.
SAMPLE DESCRIPTION
The subjects ranged in age from 8 to 20 years as a result of the limitations placed by the state in
which state subsidized treatment is only covered through the age of 21. The goal of this
limitation is to maintain consistency between the various payment statuses. There were 32 males
and 59 females included in the study.
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INCLUSION CRITERIA
Subjects were included by the following criteria:
1. Complete and adequate pre-treatment and post-treatment photos available
2. Complete and adequate post-treatment scan available
3. Patients under the age of 21 at the start of treatment
4. Patients who have completed comprehensive orthodontic treatment
5. A record of oral hygiene at each visit
EXCLUSION CRITERIA
Subjects were excluded by the following criteria:
1. Incomplete or poor quality pre-treatment or post-treatment photos
2. Inadequate post-treatment scan with missing anatomy
3. Inadequate reporting of patient oral hygiene at each appointment
4. Patients over the age of 21 at the start of treatment
5. History of prior orthodontic treatment
6. Presence of primary dentition
7. Any severe craniofacial or developmental deformity
INFORMATION OBTAINED FROM PATIENT CHART
1. Payment status of the patient (Private Pay/Insurance/Medicaid/CHIP)
2. Gender
3. Age at the beginning of treatment
4. Distance traveled from home to orthodontic office (one-way)
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5. Estimated treatment length
6. Oral hygiene at each appointment
7. Treatment provided at each appointment
8. Cancelled and broken appointments
9. Actual treatment length
This information was coded within the raw data spreadsheet according to the legend found in
Appendix B.
MEASUREMENTS
ORAL HYGIENE
Oral hygiene was measured on each patient at the beginning of each of their appointments during
active treatment. A scale of 1 to 5 was utilized to measure oral hygiene according to the
following scale: 1 = poor, 2 = fair, 3 = good, 4 = great, 5 = excellent. A test was given to the
oral hygiene evaluators to test their reliability and to determine if any evaluators needed to be
removed from the data due to interrater variability (Appendix C). No evaluators were removed
from the study.
DISCREPANCY INDEX
Each patient’s pre-treatment photos were scored by the study investigator using a standardized
measure of case complexity, which was developed by the American Board of Orthodontics,
known as the Discrepancy Index. There are specific target disorders that are taken into account,
and a point value is assigned for each of these discrepancies. A higher Discrepancy Index score
indicates that a case is more complex to treat. Typically, radiographic analysis is included within

14

the Discrepancy Index score; however, it was excluded from this study due to the lack of lateral
cephalometric radiographs for all subjects. All of the following criteria originated from the
American Board of Orthodontics Discrepancy Index Scoring System:
Overjet is measured between upper and lower anterior teeth to determine the horizontal overlap
relationship between the two anterior teeth comprising the greatest distance. It is measured from
the facial surface of the most lingual mandibular tooth to the middle of the incisal edge of the
more facially positioned maxillary tooth. In the event of a case with negative overjet, in which
the mandibular teeth protrude more than the maxillary teeth, a measurement from the facial
surface of the maxillary tooth to the middle of the incisal edge of the mandibular tooth is taken.
In terms of quantifying this discrepancy, the following point values are given: >1 to <3mm = 0
points; >0 to <1mm = 1 point; >3 to <5mm = 2 points; >5 to <7 = 3 points; >7 to <9mm = 4
points, >9mm = 5 points.

Figure 1. Measurement of overjet
(American Board of Orthodontics, 2016)

Figure 2. Measurement of negative overjet
(American Board of Orthodontics, 2016)

Overbite is another measurement between an upper and lower incisor, but in this case to
determine the vertical overlap relationship between the teeth. The point value increases as the
overlap of the teeth increases according to the following scale: >0 to <3mm = 0 points; >3 to
15

<5mm = 2 points; >5 to <7mm = 3 points. In a case where the lower incisal edges are impinging
on the palatal tissues or there is a complete overlap of the lower incisors, a score of 5 points is
given. Some patients exhibit an anterior open bite relationship in which the anterior teeth are in
an edge to edge relationship or not overlapping at all. For each anterior tooth in an edge to edge
relationship, a score of 1 point per tooth is given. Additional points are given for each tooth in
open bite >1mm and any fractional remainder is rounded to the next full millimeter.

Figure 1. Measurement of overjet

Figure 3. Measurement of overbite
(American Board of Orthodontics, 2016)

Figure 4. Measurement of anterior edge-toedge or open bite (American Board of
Orthodontics, 2016)

Some patients present with a lateral open bite prior to orthodontic treatment. In this instance,
points are given for each maxillary posterior tooth, ranging from the first premolar to the second
molar, that is in an open bite relationship > 0.5mm from its opposing tooth. 2 points are scored
for each millimeter of open bite per tooth.
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Crowding is measured from the mesial contact point of the right first molar to the mesial contact
point of the left first molar in only one arch. It is typically the most crowded arch that is taken
into account for the Discrepancy Index.

Figure 5. Crowded arch
(American Board of Orthodontics, 2016)

Figure 6. Measurement of crowding
(American Board of Orthodontics, 2016)

To measure a patient’s occlusal relationship, the Angle molar classification system is used.
Molar classification is determined for each side of the arch and is estimated for the purposes of a
Discrepancy Index score. If the occlusal relationship is classified as a Class I relationship, 0
points are given. An End to End Class II or Class III relationship is valued at 2 points per side.
If the patient exhibits a full cusp Class II or Class III relationship, 4 points are given per side.
One additional point is given per millimeter per side if the occlusal relationship goes beyond a
full cusp relationship.
A posterior crossbite can be directed to either the buccal or the lingual. In the event of a lingual
posterior crossbite, each maxillary posterior tooth where the maxillary buccal cusp is lingual to
the buccal cusp tip of the opposing mandibular tooth is given a score of 1 point. A buccal
posterior crossbite occurs when the maxillary palatal cusp is buccal to the buccal cusp of the
opposing tooth. In this instance, 2 points are scored per tooth in buccal crossbite.
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Figure 7. Measurement of posterior crossbite
(American Board of Orthodontics, 2016)

A miscellaneous category is added to the Discrepancy Index as it is not possible to include every
clinical entity within the index. This permits the scoring of non-standard conditions that may
contribute to treatment complexity including: supernumerary teeth, anomalous morphology of
tooth size and shape, impaction of teeth, missing teeth (except third molars), midline
discrepancy, and spacing.
ABO MODEL GRADING SYSTEM
The American Board of Orthodontics established the Model Grading System which has specific
criteria that must be met in order to consider the completed treatment to be successful. The Cast
Evaluation portion of the Model Grading System was utilized to measure alignment, marginal
ridges, buccolingual inclination, occlusal relationships, occlusal contacts, overjet, and
interproximal contacts on all post-treatment models. Typically, radiographic analysis is included
within the Model Grading System score as well; however, it was excluded from this study due to
the lack of radiographs for all subjects.
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A successful orthodontic treatment outcome must contain properly aligned teeth. In the anterior
region, the incisal edges and lingual surfaces of the maxillary teeth and the incisal edges and
labial surfaces of the mandibular teeth are evaluated to determine proper alignment. The
mesiodistal central groove of the premolars and molars is used to assess alignment in the
maxillary posterior, while the buccal cusp tips of the premolars and molars are used in the
mandibular posterior region. Teeth are considered to be in proper alignment if there is no
discrepancy up to 0.5mm. If any interproximal contact point is > 0.5mm to 1mm deviated from
ideal alignment, 1 point is scored for the tooth that is out of alignment. If the deviation from
aligned is greater than 1mm, then 2 points are scored for that tooth; however, there is a limit of 2
points for any tooth.

Figure 8. Ideal alignment (American Board
of Orthodontics, 2012)

Figure 9. Deviation from ideal alignment
(American Board of Orthodontics, 2012)

The proper vertical positioning of the posterior teeth is evaluated by analyzing the marginal
ridges. This is important from an occlusal standpoint, but also from a periodontal aspect as level
marginal ridges will result in level cementoenamel junctions, which in turn results in alveolar
bone levels that are even between adjacent teeth. In order to receive no points scored for this
criterion, marginal ridges must be at the same level, or within 0.5mm of the same level. If the
marginal ridges are > 0.5mm to 1mm, 1 point is scored for that interproximal contact. Two
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points are scored for any discrepancy greater than 1mm, with a limit of 2 points for any
interproximal contact point.

Figure 10. Ideal marginal ridges (American
Board of Orthodontics, 2012)

Figure 11. Deviation from ideal marginal ridge
(American Board of Orthodontics, 2012)

Posterior teeth should be upright in order to properly occlude with the opposing arch. The
evaluation of proper buccolingual angulation is referred to as the buccolingual inclination and it
takes into account any height differences that are exhibited between the buccal and lingual cusps
of the maxillary and mandibular premolars and molars. A specific gauge is utilized by
positioning a straight edge along the cusp tips of the posterior teeth. In the maxillary arch, the
straight edge will contact the lingual cusp tips, and the buccal cusp tips should be within 1mm
from the surface of the straight edge. The mandibular arch is the exact opposite with the buccal
cusp tips contacting the straight edge and the lingual cusp tips within 1mm. If the maxillary
buccal cusp tips are > 1mm but < 2mm, 1 point is scored for that tooth. If there is a discrepancy
> 2mm, then 2 points are scored with a limit of 2 points per tooth.
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Figure 12. Ideal buccolingual inclination
(American Board of Orthodontics, 2012)

Figure 13. Deviation from ideal buccolingual
inclination (American Board of Orthodontics, 2012)

Another important aspect of a proper occlusion is establishing maximum intercuspation of the
opposing teeth. To measure the adequacy of this, occlusal contacts are measured to ensure all
functioning cusps are in contact with their counterparts. The functioning cusps of the teeth are
the lingual cusps of the maxillary premolars and molars, as well as the buccal cusps of the
mandibular premolars and molars. Cusps that are in contact with the opposing arch receive no
points; however, if a cusp is out of contact with the opposing arch < 1mm, 1 point is scores. Any
tooth out of contact at a distance of > 1mm receives a score of 2 points.

Figure 14. Ideal occlusal contacts
(American Board of Orthodontics, 2012)

Figure 15. Deviation from ideal occlusal contact
(American Board of Orthodontics, 2012)
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Just as in the Discrepancy Index score, the Angle classification system is used to measure the
occlusal relationship and anteroposterior position of the maxillary and mandibular posterior
teeth. In an ideal occlusion, the buccal cusps of the maxillary canines, premolars, and molars
must align within 1mm of the interproximal embrasures of the mandibular posterior teeth.
Likewise, the mesiobuccal cusp of the maxillary first molar must align within 1mm of the buccal
groove of the mandibular first molar. If the cusp tips deviate > 1mm to < 2mm from these
positions, 1 point is scored for the tooth. If the deviation is > 2mm, two points are scored with a
limit of two points per tooth.

Figure 16. Ideal occlusal relationship
(American Board of Orthodontics, 2012)

Figure 17. Deviation from ideal occlusal relationship
(American Board of Orthodontics, 2012)

The transverse relationship of the posterior teeth and the anteroposterior relationship of the
anterior teeth is evaluated by the criterion overjet. The maxillary lingual cusps and mandibular
buccal cusps, which have previously been defined as the functioning cusps, should interpose
nicely within the fossae of the opposing arch. Anteriorly, the mandibular incisal edges should
come in contact with the lingual surfaces of the maxillary anterior teeth. No points are scored
when the teeth meet these specifications. If the cusp tips deviate from the central fossa of the
opposing tooth < 1mm, 1 point is scored for that tooth. Two points are scored for any tooth that
deviates > 1mm with a limit of two points per tooth. Any mandibular incisal edges that are not
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in contact with the maxillary lingual surfaces at a distance of < 1mm are given a score of 1 point.
If the discrepancy is > 1mm, then 2 points are scored for each tooth.

Figure 18. Ideal overjet (American
Board of Orthodontics, 2012)

Figure 19. Deviation from ideal overjet
(American Board of Orthodontics, 2012)

All teeth within an arch should be in contact, with no space between two teeth mesiodistally.
Occasionally an orthodontic band will temporarily cause a space between two teeth; however a
space of < 0.5mm results in no points scored in any case. An interproximal space of > 0.5mm to
< 1mm will result in a score of 1 point per interproximal space. If > 1mm space exists between
two teeth, 2 points are scored with a limit of 2 points per interproximal space.

Figure 20. Ideal interproximal contacts
(American Board of Orthodontics, 2012)

Figure 21. Deviation from ideal interproximal
contacts (American Board of Orthodontics, 2012)
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Once all criteria were judged, the scores were compiled to determine the overall treatment of the
each case. Models that scored < 27 points were considered to be successfully treated cases. If
the models received a score > 27, the case was not considered to be successfully treated.

STATISTICAL ANALYSIS
All statistical tests were conducted using SAS (version 9.4, 2013, SAS institute Inc, Cary, NC).
A descriptive analysis was performed for all study variables. The average oral hygiene score was
computed across treatment time. One-way analysis of variance (ANOVA) was conducted to
compare the mean difference in oral hygiene scores and the actual treatment length among
payment types. Chi-square analysis was incorporated to evaluate the association between
treatment outcome and payment types, age (group), and gender. We utilized Wilcoxon rank sum
test for comparison of difference in travel distance between treatment outcomes. Kruskal Wallis
test was performed to examine the difference in travel distance among payment types.
Association between oral hygiene, discrepancy scores, ABO scores, actual treatment length, and
estimated treatment length was analyzed using Pearson correlation test. To assess the association
between treatment outcome and oral hygiene scores, actual treatment length, and discrepancy
scores, logistic regression test was used. Finally, a multiple regression analysis was conducted to
analyze the association between ABO scores and covariates including age, gender, oral hygiene,
discrepancy scores, payment types, actual treatment length, and travel distance. All statistical
tests were two-sided and p-values <.05 were considered statistically significant.
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CHAPTER 4: RESULTS
RELIABILITY OF MEASUREMENTS
Inter-rater reliability test was performed to evaluate the operator’s reliability to properly grade
subjects according to the American Board of Orthodontic guidelines. One board certified
orthodontist scored twenty subjects, and these scores were compared to that of the investigator
for this study. The intraclass correlation coefficient is 0.96 with 95% confidence interval (lower
bound 0.90, upper bound 0.98). This indicates a high level of agreement between the two raters,
and therefore, the investigator’s rating is reliable.
SAMPLE ANALYSIS
SAMPLE SIZE, AGE, GENDER
The sample size consisted of 91 subjects ranging in age from 8 to 20 years with an average age
of 12 years. Of these, 32 were males and 59 were females. (Table 1)

Table 1. Sex distribution of the sample studied.
Gender

Frequency

Male
Female

32
59

Cumulative Cumulative
Frequency
Percent
35.16
32
35.16
64.84
91
100.00

Percent
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VARIABLE ANALYSIS
Table 2. Variable analysis. Variables analyzed in the study with the N, mean, Standard
Deviation values, minimum, and maximum listed for each variable.
Variable
Distance traveled (miles)
Actual Tx Length (months)
Estimated Tx Length (months)
Age (years)
ABO Score
Discrepancy Index Score
Average Oral Hygiene
Cancelled Appointments
Failed Appointments

N
85
90
90
91
91
88
91
91
91

Mean
23.14
23.88
18.89
12.14
30.07
7.81
3.80
1.68
1.05

Std Dev
16.07
9.51
5.34
2.22
9.90
4.10
0.46
1.87
1.95

Minimum
0.60
6.00
6.00
8.00
13.00
0.00
2.00
0.00
0.00

Note: Sample sizes vary for variables because of missing values.

VARIABLE DISTRIBUTION
Variable distributions are presented in the following graphs and tables.
Figure 22. Number of subjects by payment type
50
44

45
40
33

35
30

Private

25

Insurance

20
15

Medicaid/CHIP
14

10
5
0
Payment Type
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Maximum
60.30
51.00
36.00
20.00
55.00
21.00
5.00
7.00
12.00

Table 3. Outcome distribution of the sample studied
Outcome
Unsuccessful
Successful

Frequency
48
43

Cumulative Cumulative
Frequency
Percent
52.75
48
52.75
47.25
91
100.00

Percent

A Chi-square analysis (Table 4) was used to determine an association between successful
treatment outcome and payment type. This analysis revealed no significant difference among
any payment type (p=0.9358). Figure 23 shows 57.14% of private pay, 51.52% of insurance,
and 52.27% of Medicaid/CHIP patients were unsuccessfully treated according to the standard
established by the American Board of Orthodontics. In addition, Likelihood Ratio Chi-Square
and Mantel-Haenszel Chi-Square analysis were performed, which found no significant difference
between the groups as well.
Table 4. Chi-square analysis of the association between treatment outcome and payment type
Statistic
DF
2
Chi-Square
2
Likelihood Ratio Chi-Square
1
Mantel-Haenszel Chi-Square

Value
0.1326
0.1331
0.0560

Probability
0.9358
0.9356
0.8129

Figure 23. Outcome distribution by payment type
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Table 5. Outcome distribution by payment type
Treatment
Outcome
Private Pay
8
Unsuccessful
6
Successful
14
Total

Payment Type
Insurance Medicaid/CHIP
17
23
16
21
33
44

Total
48
43
91

An average oral hygiene score was calculated for each patient across treatment time. As shown
in Table 6, the mean oral hygiene score for private pay, insurance, and Medicaid/CHIP patients
was 4.02, 3.85, and 3.69, respectively. The difference in oral hygiene means between private
pay and insurance patients was 0.18, while the difference in means between insurance and
Medicaid/CHIP patients was 0.15. However, the comparison of private pay and Medicaid/CHIP
patients showed a much greater difference in oral hygiene means at a value of 0.33. One-way
analysis of variance (ANOVA) revealed a significant difference overall, F (2, 90) =3.16,
p=0.0474. As follow up, Tukey’s Studentized Range (HSD) Test (Table 7) determined that the
only significant difference was found when comparing the oral hygiene of private pay patients
with that of Medicaid/CHIP patients (p=0.0019), as shown in Figure 24.
POWER ANALYSIS
A power analysis revealed a computed power of 0.638, indicating that the small sample size may
have introduced some variability. The comparison of private pay with insurance, as well as
insurance with Medicaid/CHIP, both resulted in insignificant differences.
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Average Oral Hygiene Score

Figure 24. Oral hygiene distribution by payment type

Private Pay

Insurance

Medicaid/CHIP

Payment Type
Table 6. Oral hygiene distribution by payment type
Payment Type
Private
Insurance
Medicaid/CHIP

N
14
33
44

Oral hygiene
Mean
Std Dev
4.02
0.40
3.85
0.36
3.69
0.51

Table 7. Tukey’s Studentized Range Test for oral hygiene
Alpha
Error Degrees of Freedom
Error Mean Square
Critical Value of Studentized Range

0.05
88
0.199015
3.37150

A univariate logistic regression analysis was used to determine an association between oral
hygiene and a successful treatment outcome. It was determined that oral hygiene is not a
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significant variable in the determination of treatment outcome. However, while not significant, it
can be noted that based on the OR value, subjects who had a higher average oral hygiene score
were 80% more likely to have a successful treatment outcome. This analysis also found
significance in subjects with shorter treatment times and lower Discrepancy Index scores having
more successful treatment outcomes. As shown in Table 8, a decrease in treatment time
correlated with a 5% greater chance of successful treatment outcome. Likewise, a decrease in
one point on the Discrepancy Index was associated with a 12% chance of successful treatment
outcome. This is sensible as Discrepancy Index is a measure of case complexity.
Table 8. Univariate logistic regression analyses for association between treatment outcome
and average oral hygiene scores, actual treatment length, and Discrepancy Index scores.
Variable
Average Oral
Hygiene
Actual treatment
length
Discrepancy
Index

Successful treatment outcome (vs. unsuccessful treatment
outcome)
OR
95% Confidence Level
P-value
1.80

0.69-4.65

0.23

0.95

0.91-0.99

0.04*

0.88

0.79-0.98

0.03*

*p-value < 0.05

The average distance traveled, one way, for each payment type was calculated and determined to
be 36.7, 20.6, and 20.4 miles for private pay, insurance, and Medicaid/CHIP patients,
respectively. The average one-way distance as classified by payment type is shown in Table 9.
When private pay patients were compared to both insurance and Medicaid/CHIP patients, the
difference in the mean number of miles traveled was 16.09 and 16.27 miles, respectively, with
private pay patients traveling the further distance. The difference in average miles traveled by
insurance and Medicaid patients was only 0.18 miles. An ANOVA revealed a significant
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difference overall, F (2, 84) =6.75, p=0.0019. Tukey’s Studentized Range (HSD) Tests (Table
10) were performed and determined a statistically significant difference only between the mean
distance traveled by private pay patients and the other two payment types (p<0.0019), as shown
in Figure 25.

Travel Distance (miles)

Figure 25. Distribution of distance traveled by payment type

Private Pay

Insurance
Payment Type

Table 9. Distribution of distance traveled by payment type
Payment Type
Private
Insurance
Medicaid/CHIP

N
14
33
44

Distance Traveled (miles)
Mean
Std Dev
36.66
15.56
20.57
16.10
20.39
13.93
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Medicaid/CHIP

Table 10. Tukey’s Studentized Range (HSD) Test for distance traveled
Alpha
Error Degrees of Freedom
Error Mean Square
Critical Value of Studentized Range

0.05
82
227.0816
3.37573

The mean oral hygiene rating for each patient was calculated and compared to the length of each
patient’s treatment in months. This comparison was completed on the sample as a whole, and
not subdivided in the categories of payment type. A Pearson Correlation Coefficient test was
utilized to determine if an association exists between the mean oral hygiene rating for each
patient and the actual length of treatment. As shown in Table 11, the test revealed there is no
significant correlation between these two variables (p=0.46). This indicates that poor oral
hygiene does not play a factor in lengthening patient treatment times.
Table 11. Pearson correlation test for association between variables

ABO
ABO Score
Oral Hygiene
Discrepancy Index

Pearson Correlation Coefficients
Discrepancy Actual Treatment
Oral Hygiene
Index
Length
-0.24
0.25
0.31
0.02*
0.02*
0.003*
-0.27
-0.08
0.01*
0.46
0.29
0.007*

*p-value < 0.05

The mean of the actual length of orthodontic treatment was compared among the payment types
using a one-way analysis of variance (ANOVA). The mean values of all data are presented in
Table 12. The average treatment length in months for private pay, insurance, and
Medicaid/CHIP patients was 19.3, 21.6, and 27.0 months, respectively. The mean values for
private pay and insurance patients are relatively close, with a difference of 2.308 (Table 13).
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However, the mean difference when private pay and insurance patients are compared to that of
Medicaid/CHIP patients is much higher, with a difference between means of 7.714 and 5.406
months, respectively. These values were tested using Tukey’s Studentized Range (HSD) test and
determined to be statistically significant (p< 0.0061), as shown in Tables 13 and 14.
Table 12. Distribution of treatment length by payment type
Payment Type

N

14
Private Pay
33
Insurance
Medicaid/CHIP 44

Actual Treatment Length
Mean (months)
Std Dev
19.29
6.58
21.59
10.44
27.00
8.65

Table 13. Comparison of treatment length between payment types
Comparisons significant at the 0.05 level are indicated by ***
Difference
Simultaneous 95% Confidence
Payment Types
Between Means
Limits
2.308
-4.622
9.238
Private Pay – Insurance
5.406
0.382
10.431
***
Insurance – Medicaid/CHIP
7.714
1.078
14.350 ***
Medicaid/CHIP – Private Pay
Table 14. Tukey Studentized Range (HSD) Test for treatment length.
Alpha
Error Degrees of Freedom
Error Mean Square
Critical Value of Studentized Range

0.05
87
82.25949
3.37216
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Actual treatment length (months)

Figure 26. Difference in actual treatment length between payment types

Insurance

Medicaid/CHIP

Private Pay

Payment Type

A broken appointment is defined within this study as a missed appointment in which no prior
notification was given. Each payment type was evaluated using a Chi-square analysis to
determine if any significance exists in the percentage of patients who had broken at least one
appointment over the course of treatment. As shown in Table 15, 50% of Medicaid patients
broke at least one appointment during their orthodontic treatment compared to approximately
30% of both private pay and insurance patients. While no statistical significance was found, it
should be noted that the private pay subcategory had the lowest percentage of patients with at
least one broken appointment with over 70% having never broken a single appointment during
the course of treatment.
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Table 15. Chi-square analysis for association between broken appointment and payment types
Payment Type
Private Pay
Insurance
Medicaid/Chip

Broken Appointment
No (%)
Yes (%)
71.3
28.6
69.7
30.3
50.0
50.0
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P-value
0.14
---

CHAPTER 5: DISCUSSION
TREATMENT OUTCOME
The current study analyzed treatment outcome as it relates to each type of payment. A
successful treatment outcome is defined in this study as receiving a score of 27 or less based on
the American Board of Orthodontics Model Grading System, excluding the radiographic analysis
criterion. In an ideal scenario, there would be a large and equal number of subjects representing
each of the payment types; however, this was not the case. With only 14 subjects in the private
pay category, there was an important shortcoming in adequate sample size. Specifically, some of
the analyses that were performed may have actually been significant, but did not reach
significance because of this small sample size.
While there are limited data currently available on how factors specifically affect treatment
outcome as defined in this study, considerable research has been done on evaluating a patient’s
compliance during treatment.27, 29, 36 Proper patient compliance to an orthodontic treatment plan
allows for successful fulfillment of treatment objectives, and therefore a positive outcome.29 It is
important to note that patient compliance may vary considerably with difference aspects of
orthodontic treatment. Previous research has presented contradictory results with some studies
finding a lack of cooperation in the Medicaid population, 27 while others found no difference.36
The current study found no difference between payment types with regard to treatment outcome.
This is interesting as a significant difference was found in the oral hygiene ratings between
payment types, which will be further discussed. However, according to the logistic regression
analysis completed within this study, oral hygiene does not play a significant role in determining
treatment outcome.
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ORAL HYGIENE
The current study was looking to determine if a subject’s oral hygiene throughout treatment was
related to their payment type, and more loosely, their socioeconomic status. Some studies have
looked at the trend of oral hygiene as one progresses through treatment to determine the level of
predictability of cooperation.30-32 However, for the purposes of this study it was determined to be
most effective to average each patient’s oral hygiene scores over the course of their treatment
and utilize a mean oral hygiene as the variable compared to payment type. The mean oral
hygiene scores follow a trend with private pay subjects ranking the highest, followed by
insurance subjects, and then Medicaid/CHIP subjects.
It is widely accepted that maintaining proper oral hygiene throughout treatment is crucial and
non-compliance in this regard can be detrimental.7 It is also widely known that certain
perceptions exist surrounding Medicaid populations that may have effect on provider
participation.2 The University of North Carolina found the reluctance to participate with
Medicaid to partially be due to poor compliance with regard to oral hygiene.3 One goal of the
current study was to evaluate if these assumptions of non-compliance with regard to oral hygiene
in the Medicaid population are valid. The results suggest that private pay patients have
significantly better oral hygiene over the course of treatment than Medicaid patients. However,
this finding is inconsistent with other literature, which concludes that there are no clinically
important differences between Medicaid and non-Medicaid patients with regard to oral
hygiene.36 A power analysis revealed a computed power of 0.638, indicating that this small
sample size may have introduced some variability. Therefore, it would be beneficial to continue
research in this area on a larger sample to determine if the significance remains.
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ACCESS TO CARE
One of the more interesting findings of the current study was the distance in which subjects from
each payment type traveled to receive their orthodontic treatment. The results suggest that
individuals from the private pay subgroup travel a significantly longer one-way distance for
orthodontic treatment than individuals from the insurance and Medicaid/CHIP subgroups. While
it is unknown what motivated these private pay subjects to travel further for their treatment, it
could be explained by cost benefit. These findings are congruent with those of Proffit et al., who
found that Medicaid patients tend to seek care at the shortest possible distance in order to be cost
effective, while private pay patients are willing to travel a greater distance if the treatment fee
was more economical.27 It would be advantageous to explore this causation with a prospective
study.
The existing literature largely supports the idea that Medicaid patients must travel further for
orthodontic treatment due to the lack of providers that participate with Medicaid.22, 25, 26
However, West Virginia is an economically depressed state and the large number of providers
that are now accepting West Virginia Medicaid within their practices could explain our findings.
Medicaid patients in many regions of the state are no longer having to travel great distances to
surrounding cities to obtain orthodontic treatment. Specifically, there are at least two private
practice orthodontists within the town in which this data was collected who accept West Virginia
Medicaid. Therefore not only meeting the need, but also providing options for patients within
the Medicaid population. This is the case in many towns and cities across the state.
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APPOINTMENT KEEPING BEHAVIOR
One of the most important variables to review when considering treatment duration is the
number of appointments missed. This study evaluated the appointment keeping behavior of each
patient within their respective payment type. It was found that 50% of Medicaid patients failed
at least one appointment during the course of orthodontic treatment, however only 30% of the
non-Medicaid populations failed at least one appointment. It could be inferred that this relates to
other variables in a significant way. It was previously noted that private pay and insurance
patients both have significantly shorter overall length of treatment than Medicaid patients, which
directly ties into number of broken appointments. One study found that each failed appointment
was associated with just over 1 month additional treatment time.39 Fink and Smith also looked at
broken appointments during treatment and found that failed appointments added significantly to
treatment time.10
The findings within this study are inconsistent with other research that has been completed in
this area. Previous studies have evaluated this variable as it relates to treatment time. Wilson and
Harris found that Medicaid patients failed significantly more appointments than non-Medicaid
patients. The subjects within their study were similar to those within the current study in that the
commute time for private pay patients was significantly greater than for Medicaid patients. It
would be advantageous to look at the data within the current study and determine the exact
number of appointments failed by each patient to evaluate if there is significance in the number
of appointments failed, rather than whether or not the patient failed at least one appointment.
Further research should also be done on a larger sample size to determine if this variable reaches
a significant level.
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HYPOTHESIS TESTING:
1. ACCEPTED: There is no significant difference in successful treatment outcome between
various payment types.
2. There is no significant difference in oral hygiene ratings between various payment types.
a. ACCEPTED: Between private pay and insurance, and between insurance and
Medicaid.
b. REJECTED: There is a significant difference in oral hygiene ratings between
private pay and Medicaid/CHIP patients.
3. ACCEPTED: There is no significant effect of oral hygiene ratings on successful
treatment outcome.
4. There is no significant difference in distance traveled between various payment types.
a. ACCEPTED: Between insurance and Medicaid/CHIP patients.
b. REJECTED: There is a significant difference in distance traveled between
private pay and insurance patients, and between private pay and
Medicaid/CHIP patients.
5. ACCEPTED: There is no significant effect of oral hygiene ratings on actual length of
orthodontic treatment.
6. There is no significant difference in actual treatment length between various payment
types.
a. ACCEPTED: Between private pay and insurance patients
b. REJECTED: There is a significant difference in actual treatment length between
insurance and Medicaid/CHIP patients, and between Medicaid/CHIP and private
pay patients.
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7. ACCEPTED: There is no significant difference in broken appointments between various
payment types.
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CHAPTER 6: SUMMARY AND CONCLUSIONS
SUMMARY
The specific aim of this study was to utilize pre- and post-treatment records, as well as patient
charts, to investigate factors that affect the outcome of orthodontic treatment. Furthermore, the
study was looking to analyze specific payment types, and determine if differences existed
between them in regard to treatment outcome and the affecting factors. The final 91 subjects
used in this study represent an unbiased sample that met the inclusion criteria collected from the
private practices of Dr. Daniel Foley in Beckley and Mt. Nebo, West Virginia. Pre-treatment
records and post-treatment models were scored using the standardized method established by the
American Board of Orthodontics, excluding radiographic criterion. Statistical analysis was
performed for all the variables, with several variables showing statistical significance.
CONCLUSIONS
Based on the results of this study, the following conclusions have been reached:
1. There is no difference in the ability of private pay, insurance, or Medicaid/CHIP
patients to attain a successful treatment outcome, nor is there a difference in their
appointment keeping behavior.
2. On average, private pay patients have significantly better oral hygiene and travel a
significantly longer distance for orthodontic treatment than Medicaid/CHIP patients.
3. More research needs to be conducted to determine the specific impact of oral hygiene
on the ability to obtain a successful treatment outcome.
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4. Medicaid/CHIP patients are in active orthodontic treatment significantly longer than
private pay and insurance patients.
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CHAPTER 7: RECOMMENDATIONS FOR FUTURE RESEARCH
RECOMMENDATIONS ON SAMPLE COLLECTION
There is a need for more research on this subject matter and specifically with a larger sample
size. This study should be repeated with a larger sample in order to see if some of the data that
was observed is significant and failed to reach significance due to a small sample size. One
limitation that was faced within this study was the small number of patients, especially from the
private pay group. Having more patients from within this group would increase the reliability of
the results found. Furthermore, including only the patients who have a Discrepancy Index score
of 10 or greater would yield more substantial results, as these patients would initially qualify as a
“Board quality case.” Because of the limited number of subjects within this sample whose
Discrepancy Index was greater than 10 (N=38), all subjects were included regardless of
Discrepancy Index.
RECOMMENDATIONS ON METHODOLOGY
Further research should include the radiographic analysis of both the Discrepancy Index and
Model Grading System. Due to the lack of pre- and post-treatment radiographs for all subjects
studied, this portion of the scoring was omitted. By including this criterion, a greater number of
patients would have higher Discrepancy Index scores, therefore deeming them more difficult
cases to treat and providing greater validation of the treatment outcome.
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